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Abstract

In the context of licensure testing, this paper addresses the importance of supplementing the

usual content-related validity evidence (job analysis) with empirical validation. Evidence

supporting the validity and fairness of the Real Estate National Licensing Examination (RENSE)

is provided. Confirmatory factor analysis (CFA) with structural equation modeling (SEM) is used

to investigate the internal structural validity of the RENSE across gender and race. For the

purpose of cross-validation, the fit of two competing models is examined for both a base

calibration and a validation sample. Evidence of the invariance of factor structure of RENSE

scores across gender and race group is found in all fit statistics when model structure, factor

loading, latent variable variance, and unique variance are constrained to be equal across groups.

Results contribute to the body of evidence supporting the validity and fairness of the RENSE.
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Validation and Invariance of Factor Structure of a

National Licensing Examination Across Gender and Race

Introduction

Licensing tests exist to protect the public by ensuring that entry-level professionals possess

the relevant knowledge and skills in sufficient degree to perform their jobs competently. Like

other credentialing tools, licensing tests are intended to help the public, employers, and

government agencies identify practitioners who have met a particular standard. In most states,

mandatory licensure programs are among the most restrictive regulatory programs (Nelson, 1994).

Licensing organizations have a responsibility not only to candidates--to ensure that all licensure

procedures are fair and consistent--but also to the consumer--to ensure the validity of the licensure

process so that individuals who are licensed are indeed competent. Like any high-stakes tests,

licensing tests must satisfy the legal requirements of validation and fairness. Validity, according

to the Standards for Educational and Psychological Testing (AERA, APA, NCME, 1999), is the

most important consideration in test development and evaluation; fairness is also required by the

Standards (AERA et al., 1999) as well as by federal laws and regulations (Equal Employment

Opportunity Commission [EEOC], Civil Service Commission, Department of Labor and

Department of Justice, 1978; Mehrens & Popham, 1992; Mehrens, 1994).

Validity refers to the degree to which empirical evidence and theoretical rationale support the

inferences and actions based on test scores (Messick, 1989). Traditionally, test validation has

focused on three aspects of validity evidence: content-related, criterion-related, and construct-

related evidence. Credentialing exams, including those used in licensure, rely primarily on

content-related validity evidence. Typically the central support of licensure test validity is a job

analysis that identifies the knowledge and skills required for competent performance and weights

them according to their importance in protecting the public (Stocker & Impara, 1995). Criterion-

related validity studies are often not feasible in licensure testing, and predictive validity is not a

concern, since the exams are neither designed nor employed to predict future professional success

(Kane, 1982, 1992, 1994). However, as Cronbach (1971) and Messick (1980, 1989) argue,

validity should be considered a unitary concept; all aspects of validity evidence ultimately serve to

support construct validity. The more evidence collected, the better. The Standards (AERA et al.,

1999) also confirm the unitary concept of validity and recommend integrating evidence from a

s r
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variety of sources.

The test validation process in licensure and certification has come to rely heavily on content

validation procedures based on a job analysis or practice analysis (AERA et al., 1999; Kane, 1997;

Knapp & Knapp, 1995), but the most carefully collected job analysis data does not, in itself,

constitute definitive evidence of the validity of test scores. Rather the job analysis data must be

viewed as contributory evidence in the "interpretive argument" for the validity of the test scores,

as one piece of evidence supporting a specific interpretation or use of test scores (Newman,

Slaughter, & Taranath, 1999). Although job analysis is necessary for the development of valid

credentialing examinations, it does not sufficiently address all aspects of validity. A job analysis

can provide strong evidence that a test measures primarily relevant knowledge, skills, and abilities

(KSAs), yet it does not guarantee the absence of irrelevant constructs (Raymond, 1995). Nor does

a job analysis detect or prevent item or test bias. Thus additional evidence of validity is desirable.

Factorial validity (Guilford, 1946), or the investigation of the factor structure underlying a test,

can be a valuable component of validity evidence (Messick, 1995) and can be used to support the

fairness of the tests. The Standards (AERA, APA, NCME, 1999) advise providing evidence of

structural validity when relevant to the purpose and use of the exam (see Standards 1.11 and 1.12,

p. 20). The Standards also point out the relationship between fairness and the construct being

assessed:

Regardless of the purpose of testing, fairness requires that all examinees

be given a comparable opportunity to demonstrate their standing on the

construct(s) that test is intended to measure. (p. 74)

In seeking evidence of test fairness, the researcher should address questions such as whether

the test measures the same construct in all relevant populations. Fairness is closely related to the

factor structure validity of the test. Factorial validity may be used not only to evaluate the

dimensionality of an exam, but also to provide evidence of fairness. Similarity of factor structure

across gender groups, for example, suggests that the test is measuring the same construct(s) for

males and females. Different factor structures could imply that different constructs are being

measured for the two groups. Of course, if evidence of differential validity is found, further

investigation is needed. Factorial validity procedures, in and of themselves, cannot tell for which
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group validity is higher, nor can they explain why group differences occur. They can only serve

as a flag to identify where psychological constructs may be structured differently over different

subpopulations.

Despite emphasis on factor structure validity by some researchers, little attention has been

devoted to structural validations of standardized tests (Stevens, 2001), especially in licensure

testing (La Duca, 1994). Job analysis plays a vital role in validating credentialing examinations by

ensuring that test content specifications are closely tied to the job itself. Indeed, a job analysis

may be essential to conform to professional standards and legal requirements in licensure testing.

However, as Raymond (1995) expressed, a job analysis "tells us very little about the nature of test

scores." (p. 32). Job analysis should be the beginning of the validation process for credentialing

exams rather than the end of it. We need to expand our practical validation procedure one that

is currently based solely on job analysis to focus more on evidence and theory related to the

internal structure of the test whose scores are intended for a specific use and interpretation. In

licensure settings, an investigation of factor structure is often both feasible and useful in providing

additional evidence of validity.

The purposes of this study are: (a) To investigate the factorial (structure) validity of a major

national licensing test. (b) To apply confirmatory factor analyses (CFAs) to cross-validate the

resulting structural models across a second independent sample within each gender and racial

group. (c) To investigate the invariance of measurement model structure, latent variable variance,

factor loading, and unique variance across gender and racial groups. In so doing we will (d)

supplement the usual content-related evidence and support the overall construct validity of the

instrument, extending validity evidence beyond the methodology typically used in licensure

testing.

Method
Sample

The study data were sampled from raw test scores of a total of 21,301 real estate sales

licensure candidates who took a real estate licensure exam in the years 1998 to 2000. The test was

administered on computer at 75 different test centers in 19 states. Among the participants, 11,893

(56%) were women and 9408 (44%) were men. Among the female participants, there were 10,243

White, 835 Black or African-American, 422 Hispanic or Latin-American, and 393 Asian, Asian-

American or Pacific Islander candidates; among the male participants, there were 8059 White, 643
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Black or African-American, 328 Hispanic or Latin-American, and 378 Asian, Asian-American or

Pacific Islander candidates.

Instrument

The CAT*ASI real estate examinations consist of two parts: The first covers general topics

and is administered nationally; the second is a state-specific test covering state laws. This study

focuses on the national exam only. One examination is administered for test takers seeking

licensure as salespeople; a broker level examination is administered for test takers who want to

become brokers. This study focuses only on the salesperson examination that we will refer to in

this paper as the Real Estate National Salesperson Examination (RENSE). This national test for

salespeople consists of 80 scored questions and 5 pretest questions. Test forms are developed

according to a content outline based on a rigorous job analysis (Newman & Joseph, 1998). The

job analysis identified the most important tasks performed by real estate salespersons and the

knowledge required to perform each task. After screening out tasks unrelated to the protection of

the public, the job analysis committee classified knowledge statements by content area, and

assigned proportionate weightings to each content area. Five major content areas were defined: (I)

Real property characteristics, definitions, ownership, restrictions, and transfer (16 items 20%);

(II) Assessing and explaining property valuation and the appraisal process (12 items 15%); (III)

Contracts, agency relationships with buyers and sellers, and federal requirements (20 items

25 %); (IV) Financing the transaction and settlement (20 items 25%); and (V) Leases, rents, and

property management (12 items 15%). For convenience, we shall refer to these five areas as: (I)

Terminology; (II) Valuation; (III) Contracts; (IV) Finance; and (V) Property. This study examines

data from Form X, which is one of three equivalent forms used in practice.

Data Analyses

All analyses were conducted using AMOS 4.0 (Arbuckle & Wothke, 1999). First, for the

purpose of validating the factorial structure of the test, two competing models were investigated.

Model A was a single-factor model, the factor being defined as "essential real estate sales ability."

Model B comprised essential real estate sales ability and a second factor labeled, for lack of a

better term, as "facility." Ultimately, the strength of the validity argument for the use of

occupational tests in licensing depends upon evidence that the test scores are related to

competence in the profession (Downing & Haladyna, 1997; Kane, 1997, 1994; Raymond, 1995;

Nelson, 1993; Harvey, 1991). The rationale for using underlying essential real estate sales ability

7
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in both models reflects the structure of real estate salespersons' professional competence as

defined by the job analysis. This essential real estate sales ability can be defined as a person's

grasp of the legal and technical knowledge necessary to perform his/her job competently within

regulatory guidelines. It does not include sales techniques, persuasive skills, and the like. The

second factor is quite similar to the first, except that it is less closely related to Finance and more

closely related to Property Management. As a sample, Models A and B for the White female

group are graphically represented in Figures 1 and 2. All groups exhibited this same pattern of

loadings and correlations. Confirmatory factor analysis (CFA) was conducted to determine the

adequacy of fit of both models via structural equation modeling (SEM).

Second, for the purpose of cross-validation, subjects were grouped according to gender and

race, and each group was separately and randomly split into two to form a base calibration sample

and a validation sample. One of the purposes of using a cross-validation strategy here is to assess

the reliability of model fit. Having chosen a SEM model that is best for a particular sample of

data, one may not automatically assume that this SEM model can be reliably applied to other

samples of same population. However, assuming the model fits well for the base calibration

sample, if the model also fits well for the validation sample, a different sample from the same

population of interest, then we may say that this SEM model is reliable.

To evaluate the adequacy of the one-factor model to fully account for the relationships among

subtests, a CFA using SEM with maximum likelihood estimation was conducted on the calibration

sample for each gender/ethnic group. Once the best-fitting model for each base sample was

determined, the validity of the model structures for the validation samples was investigated.

As a third step, the appropriate models were compared across gender to determine whether

gender invariance was supported. Finally, similar comparisons were made across race to

investigate whether the RENSE measures the same construct(s) for different racial groups. Both

tests of invariance began with a global test of the equality of covariance structures across groups

(Joreskog, 1971b) and the data for all groups were analyzed simultaneously to obtain efficient

estimates (Bent ler, 1995). In both steps, a series of nested constraints were equally applied to the

same parameters across validation samples (gender or race) for subsequent testing of increasingly

restrictive hypotheses. This was done in an effort to identify the source of departures from

invariance, if any. In other words, these constraints were applied to ascertain whether invariance

held for certain parameters (model structure, factor loading, and unique variance) of measurement



Figure 1. One Factor Model for White Female (Original Sample)
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Figure 2. Two Factor Model for White Female (Original Sample)
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models across both gender and race. The constraints used in the tests include, from weaker to

stronger, (1) model structure, (2) model structure and factor loadings, and (3) model structure, factor

loadings, and unique variance. All models were identified by fixing the factor(s) variance at 1.0; for

Model B, two regression weights (for Terminology and Property Management) were also fixed at 1.0

for the purpose of model identification (Arbuckle, 1999). Changes in goodness-of-fit statistics were

examined to detect differences in structural parameters. Several well-known goodness-of-fit indexes

were used to evaluate model fit: the chi-square x2, the comparative fit index (CFI), both the unadjusted

and adjusted goodness-of-fit indexes (GFI and AGFI), the normal fit index (NFI), the Tucker-Lewis

Index (TLI), the root mean square error of approximation (RMSEA) and the standardized root mean

square error residual (SRMR). For the group comparisons with increased constraints, the x2 value

provides the basis of comparison with the previously fitted model. A non-significant difference in x2

values between nested models reveals that all equality constraints hold across the groups. Therefore,

the measurement model remains invariant across groups as the constraints are increased. Sample size

must be taken into account, however, in interpreting a significant x2. A significant x2 does not

necessarily indicate a departure from invariance when the sample size is large.

Results

Evaluation of Model Fit

Table 1 shows the fit indexes for both the one- and two-factor solutions of the RENSE for the

different gender and race groups in the base calibration sample. Hu and Bentler (1999) recommend

using combinations of goodness-of-fit indexes to obtain a robust evaluation of model fit. The criterion

values they list for a model with good fit are CFI>0.95, TLI>0.95, RMSEA<0.06, and SRMR<0.08.

For the one-factor model, nearly all values satisfy the Hu and Bentler criteria for these four fit

statistics. The only exception is the RMSEA value of 0.076 for Black females. For the two-factor

model, all values satisfy the criteria. Chi-squares are significant only where the sample size is very

large. All the figures for GFI, AGFI, and NFI also support the evidence of fit for all groups. All factor

loadings are reasonable and statistically significant. The overall picture suggests that both the one-

factor and the two-factor model provide reasonably close fits to the data. Since the adequacy of both

models is supported, the judgement as to which model should be chosen ultimately rests on the

substantive meaningfulness of the underlying theory. In this case, the one-factor model is more

interpretable than the two-factor model; the second factor is difficult to describe or even name.

11
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Although factors should not be considered the equivalent of dimensions, the results of these initial

CFAs do provide some support for the unidimensionality of the test.

Evaluation of Equality Across Base Calibration and Validation Samples

Because both models were reasonably good fits, both were examined for cross-validation. Table 2

displays the four main fit indexes for cross-validation of both models using the base calibration and

validation samples. Within each race and gender group, equal numbers of subjects were randomly

assigned to the calibration or validation sample; the counts shown in Table 2 indicate the number in

each sample. All goodness-of-fit indexes satisfy the Hu and Bentler (1999) criteria well and are quite

comparable for the base calibration and validation samples. (The GFI, AGFI, and NFI are omitted

here to save space. The values for these indexes are even closer for the two groups than the figures

shown in Table 2.) The most notable difference is that the one group (Black females) that did not

show a good fit of RMSEA for the base calibration sample (RMSEA is 0.076) does in fact meet the

criteria for fit in the validation sample (RMSEA is 0.042).

Evaluation of Equality Across Gender Samples

The goodness-of-fit indexes across gender under both the one- and two-factor models in a nested

series of tests are presented by racial group in Table 3. Because the difference in sample sizes between

the genders is small, equal sample sizes were obtained across gender by randomly trimming the larger

sample to match the smaller sample size. For each race, the specified parameters for each constraint

condition were constrained to be equal for both genders. Although not listed in Table 3, for all races,

the chi-square differences among the nested models are statistically nonsignificant at the 0.01 level

except for the White group. (This was expected because of large white sample size.) All other fit

indexes also indicate no gender differences under a variety of model constraint conditions. This

suggests that the factor structure of the RENSE is the same for males and females within racial group.

Evaluation of Equality Across Race Samples

The specified parameters for each condition were constrained to be equal across the four racial

groups for each gender. The goodness-of-fit indexes across race under both the one- and two- factor

models in a nested series of tests are presented in Table 4. In terms of the x2 difference values, the fit

between each nested model is significantly different. However, this is undoubtedly an artifact of the

large sample size. In terms of the other fit indexes, the factor structures appear to be the same for all

four racial groups within gender.

12:
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Table 3

Goodness-of-Fit of Invariance of Models Constraints* Across Gender by Race (Validation Sample)

Model and Constraint

One Factor Model
White

NF, NM

3983

df x2
P CFI TLI RMSEA SRMR

Constraint I 10 37.991 <.000 .998 .996 .019 .010
Constraint H 15 65.500 <.000 .997 .995 .021 .016
Constraint III 20 157.364 <.000 .991 .991 .029 .012

Black 317
Constraint I 10 11.719 .070 .995 .990 .031 .020
Constraint II 15 20.876 .141 .995 .994 .025 .027
Constraint III 20 27.602 .119 .994 .994 .025 .030

Hispanic 153
Constraint I 10 7.357 .691 1.000 1.000 .000 .020
Constraint II 15 15.904 .388 .999 .998 .014 .039
Constraint HI 20 23.597 .260 .995 .995 .024 .051

Asian 188
Constraint I 10 11.719 .304 .998 .996 .021 .017
Constraint H 15 13.891 .534 1.000 1.002 .000 .022
Constraint HI 20 20.788 .410 .999 .999 .010 .027

Two Factor Model
White 3983

Constraint I 7 16.166 .003 .999 .996 .020 .007
Constraint H 12 43.791 <.000 .998 .996 .018 .015
Constraint HI 17 134.688 <.000 .992 .991 .029 .010

Black 317
Constraint I 7 11.900 .104 .996 .989 .033 .019
Constraint II 12 16.927 .152 .996 .994 .025 .023
Constraint HI 17 23.113 .146 .995 .994 .024 .026

Hispanic 153
Constraint I 7 5.305 .623 1.000 1.000 .000 .016
Constraint H 12 14.127 .293 .997 .995 .024 .038
Constraint III 17 21.927 .188 .993 .992 .031 .049

Asian 188
Constraint I 7 11.708 .111 .995 .986 .042 .017
Constraint H 12 12.515 .405 .999 .999 .011 .020
Constraint III 17 20.458 .252 .996 .995 .023 .027

Note. NF and NM represent female and male sample size.
* The levels of model constraints that were restricted to be equal across race are:

I. Model structure and latent variable variance.
II. Model structure, latent variable variance, and factor loading.
III. Model structure, latent variable variance, factor loading, and unique variance.
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Table 4

Goodness-of-Fit for Invariance of Models Constraints* Across Race by Gender (Validation Sample)

Model and Constraint

Female
One Factor Model

df x2 p CFI TLI RMSEA SRMR

Constraint I 20 47.990 <.000 .998 .995 .015 .009
Constraint II 35 115.912 <.000 .993 .992 .020 .015
Constraint III 50 227.781 <.000 .984 .987 .024 .012

Two Factor Model
Constraint I 8 20.305 <.000 .999 .995 .016 .007
Constraint II 23 104.875 <.000 .994 .992 .020 .014
Constraint III 38 217.770 <.000 .984 .987 .025 .010

Male
One Factor Model

Constraint I 20 37.272 <.011 .998 .996 .014 .008
Constraint II 35 115.483 <.000 .991 .990 .022 .017
Constraint III 50 202.085 <.000 .984 .987 .025 .013

Two Factor Model
Constraint I 8 9.948 .269 .999 .999 .007 .004
Constraint II 23 63.893 <.000 .996 .992 .019 .010
Constraint III 38 130.948 <.000 .941 .990 .023 .007

* The levels of model constraints that were restricted to be equal across race are:
I. Model structure and latent variable variance.
II. Model structure, latent variable variance, and factor loading.
HI. Model structure, latent variable variance, factor loading, and unique variance.

16
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Summary and Discussion

The present study examined the comparability of RENSE scores across gender and race for base

calibration and validation samples that were randomly drawn from same population. Results show that

factor structure validities of the RENSE are well supported for both one-factor and two-factor models,

but the one-factor model of essential real estate sales ability (Model A) was preferred because it better

describes the underlying theory of salespersons' professional competence. For White examinees,

statistically significant )(2 (or difference of x2) statistics occur because of the large sample sizes. For

this reason, it is frequently appropriate to conclude that a CFA model fits the data even if p is

significant (Joreskog & Sorbom, 1989; Mulaik, James, Alstine, Bennett, Lind, & Stillwell, 1989).

The values of all other fit statistics (CFI, AGFI, NFI, TLI, RMSEA, and SRMR) fall within the bounds

of Hu and Bentler's (1999) criteria. Thus the overall pattern of fit statistics for the RENSE data

indicates a reasonable fit even when the chi-square test suggests rejection of both the one-factor and

two-factor models when sample sizes are large. Exceptions occur for the Black female with small base

calibration sample size under the one-factor model, where the X2 and RMSEA are significant. These

exceptions are not enough to void the conclusion of a reasonable fit in light of the overall pattern of

evidence; however, they may suggest continued monitoring of the fit for this group. The evidence of

fit holds for both the base calibration and validation samples for all race and gender groups. Further

evidence of the invariance of factor structure of the RENSE scores across gender and race groups is

found in all fit statistics when model structure, factor loading, latent variable variance, and unique

variance are constrained to be equal across groups. Thus the data suggest not only that the RENSE

measures a single construct, but also that this construct is similarly structured (fair) across gender and

racial groups.

In summary, this study underscores the importance of empirical validation of licensure exams and

provides evidence supporting the validity and fairness of a widely used national exam. It carries the

validation process beyond the content-related evidence (job analysis) that often serves as the sole

documented support of validity for credentialing exams. By publicizing the results of this study, we

hope to encourage the credentialing community to strengthen the validity of its exams by investigating

their factor structure and making modifications, if warranted, to ensure that the same constructs are

measured regardless of gender or ethnicity. We also hope to encourage the practice of providing

evidence of validity from a variety of sources, thus strengthening the defensibility of licensure and

certification exams across the board.

17
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